
Source URL: https://www.cirm.ca.gov/about-cirm/publications/energetics-epigenetics-mitochondrial-genetics

California Institute for Regenerative Medicine

Energetics, epigenetics, mitochondrial genetics.

Journal: Mitochondrion

Publication Year: 2010

Authors: Douglas C Wallace, Weiwei Fan

PubMed link: 19796712

Funding Grants: The Dangers of Mitochondrial DNA Heteroplasmy in Stem Cells Created by Therapeutic

Cloning, Stem Cell Research Training Grant

Public Summary: 

Scientific Abstract: 

The epigenome has been hypothesized to provide the interface between the environment and the nuclear DNA (nDNA) genes. Key

factors in the environment are the availability of calories and demands on the organism's energetic capacity. Energy is funneled through

glycolysis and mitochondrial oxidative phosphorylation (OXPHOS), the cellular bioenergetic systems. Since there are thousands of

bioenergetic genes dispersed across the chromosomes and mitochondrial DNA (mtDNA), both cis and trans regulation of the nDNA

genes is required. The bioenergetic systems convert environmental calories into ATP, acetyl-Coenzyme A (acetyl-CoA), s-adenosyl-

methionine (SAM), and reduced NAD(+). When calories are abundant, ATP and acetyl-CoA phosphorylate and acetylate chromatin,

opening the nDNA for transcription and replication. When calories are limiting, chromatin phosphorylation and acetylation are lost and

gene expression is suppressed. DNA methylation via SAM can also be modulated by mitochondrial function. Phosphorylation and

acetylation are also pivotal to regulating cellular signal transduction pathways. Therefore, bioenergetics provides the interface between

the environment and the epigenome. Consistent with this conclusion, the clinical phenotypes of bioenergetic diseases are strikingly

similar to those observed in epigenetic diseases (Angelman, Rett, Fragile X Syndromes, the laminopathies, cancer, etc.), and an

increasing number of epigenetic diseases are being associated with mitochondrial dysfunction. This bioenergetic-epigenomic

hypothesis has broad implications for the etiology, pathophysiology, and treatment of a wide range of common diseases.
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